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FIG. 1

GENERATE A GRAPH OF NODES 100

|

RECEIVE INPUT SELECTING AND DRAGGING A NODE 102

|

IN RESPONSE, ADD OR REMOVE A GRAPHICAL
REPRESENTATION OF A CONNECTION BETWEEN THE NODES
ON THE GRAPH 104
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FIG. 2

GENERATE A GRAPH THAT INCLUDES A SET OF NODES 200

|

RECEIVE FIRST INPUT SELECTING THE SET 202

|

RECEIVE SECOND INPUTS MOVING TOWARD OR AWAY FROM
EACH OTHER 204

|

IN RESPONSE TO THE SECOND INPUTS, EXPAND OR COLLAPSE
THE SET ON THE GRAPH 206
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FIG. 3

GENERATE A GRAPH THAT INCLUDES A NODE 300

|

RECEIVE INPUTS THAT SELECT AND HOLD THE NODE WHILE
THE NODE IS FLICKED 302

|

IN RESPONSE TO THE INPUTS, COPY THE NODE ON THE GRAPH
304
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|G. 6A: Connecting Subtrees
e

4 ittt
¢ i
IE ” e

&\




US 9,189,144 B2

Sheet 11 of 64

Nov. 17, 2015

U.S. Patent

B 18

€09

] nﬂuﬂ sty amgoue Bash wusews
. LTI U eEpGN BundR

$92J1gNng 3ul30”UU0)




U.S. Patent Nov. 17, 2015 Sheet 12 of 64 US 9,189,144 B2

603

@

2 Tap e nodes fogather
and pause for Smaout

|G. 6C: Connecting Subtrees




US 9,189,144 B2

Sheet 13 of 64

Nov. 17, 2015

U.S. Patent

PRDSULOT SRION ¢

Mmﬁum%\\\mmmmmmmww

xBERe.

i

P 8

sRGRuEL
i giﬁn- :
. IASABNYEN &
ONBADEXE)

XOADNA ¢!

3 CORRe>

XY
XXX

$9941gNS SUlld2UU0) Q9 "DI-




Sheet 14 of 64

U.S. Patent

US 9,189,144 B2

Nov. 17, 2015

\ £09

¥09

$99.41gNS 3UI1d3UU0) 39 ‘OIS




US 9,189,144 B2

Sheet 15 of 64

Nov. 17, 2015

U.S. Patent

$99J1gNS SUI103UU0D {9 "D



US 9,189,144 B2

Sheet 16 of 64

Nov. 17, 2015

U.S. Patent

$9341gNnS 3ul}0auUuU0)

99

] =




US 9,189,144 B2

Sheet 17 of 64

Nov. 17, 2015

U.S. Patent

0..00000.1"'“\
809 / Hoa
109

$99J41gNS SUI1DUUO0D) H9 "D




U.S. Patent Nov. 17, 2015

Inserting Nodes

FIG. 7A

Sheet 18 of 64

US 9,189,144 B2

o
™~

@
702

I
| da
£

[




US 9,189,144 B2

Sheet 19 of 64

Nov. 17, 2015

U.S. Patent

He e hhog:
sy By

SOPON SUullJasu| :

d.

Ol




US 9,189,144 B2

Sheet 20 of 64

Nov. 17, 2015

U.S. Patent

1§;§§§’
¢ |

@_,

X

SOPON SUIIBSU|

Ol4




US 9,189,144 B2

Sheet 21 of 64

Nov. 17, 2015

U.S. Patent

CRHIDRTE SKAIBLEIOD I e
maw mpm Beig ¢ 104

S9PON Sulpasu| gz "ol




U.S. Patent Nov. 17, 2015 Sheet 22 of 64 US 9,189,144 B2

Inserting Nodes

FIG. /E
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Inserting Subtrees

FIG. 8A
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Inserting Subtrees

2 Drag ove Sub Treg
Node oo msdn Trae conneciy

FIG. 8C
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FIG. 8D: Inserting Subtrees
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Inserting Subtrees

FIG. 8G:
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FIG. 9A: Tearing Nodes
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FIG. 9B: Tearing Nodes




U.S. Patent Nov. 17, 2015 Sheet 32 of 64 US 9,189,144 B2

Mode

#
N\ 905

x

2 Rapidiy "stuke”

Tearing Nodes
903
L/

FIG. 9C




U.S. Patent Nov. 17, 2015 Sheet 33 of 64 US 9,189,144 B2

ANAMAANAND.

4 Bxisting conngulion
Horws pesngreet

34

¥ povasivie

Tearing Nodes

S
..... o
o)
S8
L =
=
o o
® @ Zg
o =

FIG. 9D




U.S. Patent Nov. 17, 2015 Sheet 34 of 64 US 9,189,144 B2

1003

FIG. 10A: Tearing Subtrees
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1103

FIG. 11A: Folding Subtrees
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FIG. 12A: Expanding Subtrees
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FIG. 13A: Connecting Node Ports
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Connecting Node Ports

FIG. 13B
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Copying Nodes

FIG. 14F
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MULTI-TOUCH GESTURE-BASED
INTERFACE FOR NETWORK DESIGN AND
MANAGEMENT

TECHNICAL FIELD

The present disclosure relates generally to network design
and management, and to graph interfaces.

BACKGROUND

Networks of computing devices may be designed or mod-
eled using network design or modeling software that graphi-
cally represents different components of the network and
relationships between those components (collectively, “net-
work elements”) as different nodes and other graphical ele-
ments on a graph. The nodes on the graph may be geometric
shapes, glyphs, icons of devices, or other graphical represen-
tations of the devices. For example, different nodes may
represent different routers, switches, hubs, servers, and other
computing devices that are part of a network. Nodes may also
represent collections or group of devices, logical or virtual
components, or arbitrary collection of these. For example, the
data and forwarding plane of a network switch may be rep-
resented as separate graphical objects even if contained in the
same physical hardware object. Graphical connections such
as line segments between the nodes may represent physical
wired communicative couplings such as Ethernet, fiber, or
USB; physical wireless communicative couplings such as
satellite, Bluetooth, or wireless b, n, or g signaling; or logical
communication sessions between the different nodes. A
graph of nodes in a network may be constructed as informa-
tion is inputted by a user into the network design or modeling
software. In some systems, an initial graph may be con-
structed by the network design and modeling software auto-
matically, by crawling the network and discovering devices
that are on the network. This initial graph may be modified or
customized by a user.

Network design or modeling software often includes a
graph interface that allows graph nodes, graphical connec-
tions, and other graphical elements to be added, removed,
arranged, or grouped on the graph. The graph interface may
also support panning such that different portions of the graph
may be viewed, and zooming such that portions of the graph
may be viewed in more or less detail. In one example, the
graph interface may include a toolbar or tool palette of select-
able tools or modes for adding, removing, arranging, or
grouping nodes, graphical connections, and other graphical
elements, or for zooming or panning on the graph. Switching
between multiple tools or modes and managing multiple
nodes or groups of nodes, such as tens, hundreds, or more
nodes, could involve several large cursor movements, precise
clicks or selections on the part of the user, and repeated
actions by the user. A single erroneous click may result in the
loss of prior input. For example, a user may select several
nodes by holding down the SHIFT key, and an erroneous click
or a mistaken lift of a finger from the SHIFT key could cause
a de-selection of the nodes already selected.

The approaches described in this section could be pursued,
but are not necessarily approaches that have been previously
conceived or pursued. Therefore, unless otherwise indicated
herein, the approaches described in this section are not prior
art to the claims in this application and are not admitted to be
prior art by inclusion in this section.

SUMMARY

Methods, computing devices, and computer-readable
media are provided for interpreting gestures and triggering
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actions on a graph when the gestures are detected. The trig-
gered actions may include the addition or deletion of nodes,
connections between nodes, or connections between node
ports; the expansion or collapse of a set of nodes; or the
copying of nodes. The input may describe an action of select-
ing, dragging, holding, flicking, shaking, pinching, unpinch-
ing, or spinning a graphical object such as a node or a con-
nection. Gesture interpretation logic determines whether the
input matches a stored or known gesture. If the input matches
a gesture, then the gesture interpretation logic may perform
an action mapped to the gesture instead of or in addition to the
normal action that would otherwise be caused by each indi-
vidual input.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 illustrates a method for adding or removing a con-
nection between nodes by dragging a node on a graph.

FIG. 2 illustrates a method for expanding or collapsing a
set of nodes on a graph.

FIG. 3 illustrates a method for copying a node on a graph.

FIG. 4 illustrates an example computer system upon which
an embodiment may be implemented.

FIG. 5A, FIG. 5B, F1G. 5C, FIG. 5D, FIG. 5E illustrate an
example interface for connecting a node to other nodes by
dragging and holding the node in contact with the other
nodes.

FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F,
FIG. 6G, FIG. 6H illustrate an example interface for connect-
ing a subtree of nodes to other nodes by dragging and holding
the subtree in contact with the other nodes.

FIG.7A, F1G. 7B, F1G. 7C, FIG. 7D, FIG. 7E illustrate an
example interface for inserting a node on a connection
between other nodes by dragging and holding the node over
the connection.

FIG. 8A, FIG. 8B, FIG. 8C, FIG. 8D, FIG. 8E, FIG. 8F,
FIG. 8G illustrate an example interface for inserting a subtree
of' nodes on a connection between other nodes by dragging
and holding the subtree over the connection.

FIG. 9A, FIG. 9B, FIG. 9C, FIG. 9D illustrate an example
interface for tearing a node from a connection with other
nodes by shaking the node.

FIG. 10A, FIG. 10B, FIG. 10C, FIG. 10D illustrate an
example interface for tearing a subtree of nodes from a con-
nection with other nodes by shaking the subtree.

FIG.11A, FIG. 11B, FIG. 11C, FIG. 11D, FIG. 11E illus-
trate an example interface for folding or collapsing a subtree
of' nodes into a group node by pinching nodes of the subtree
together.

FIG. 12A, FIG. 12B, FIG. 12C, FIG. 12D, illustrate an
example interface for expanding a group node into a subtree
of' nodes by unpinching over the group node.

FIG.13A, FIG. 13B, FIG. 13C, FIG. 13D, 13E, 13F, 13G,
13H, 131, 13J, 13K illustrate an example interface for con-
necting a port of a node to ports of other nodes by dragging
and holding the node near the other nodes.

FIG. 14A, FIG. 14B, FIG. 14C, FIG. 14D, 14E, 14F, 14G
illustrate an example interface for copying a node by flicking
off copies of the node as the node is dragged.

DETAILED DESCRIPTION

In various embodiments, a multi-touch gesture-based
interface for network design and management, and related
processes and techniques, are described. In the following
description, for the purposes of explanation, numerous spe-
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cific details are set forth in order to provide a thorough under-
standing of the present invention. It will be apparent, how-
ever, to one skilled in the art that the present invention may be
practiced without these specific details. In other instances,
well-known structures and devices are shown in block dia-
gram form in order to avoid unnecessarily obscuring the
present invention.
Embodiments are described herein according to the fol-
lowing outline:
1.0 General Overview
2.0 Structural and Functional Overview
3.0 Example Gesture-Based Interfaces
3.1 Connecting Nodes and Subtrees
3.2 Inserting Nodes and Subtrees
3.3 Tearing Nodes and Subtrees
3.4 Expanding Group Nodes and Collapsing Subtrees
3.5 Connecting Node Ports
3.6 Copying Nodes
4.0 Implementation Mechanisms—Hardware Overview
5.0 Extensions and Alternatives

1.0 General Overview

In an embodiment, multi-touch gesture-based interface for
network design and management is described. Various
example mappings of gestures to actions are provided herein.
However, these mappings may be modified for different sys-
tems. Also, different systems may recognize different com-
binations of gestures or perform different combinations of
actions. Therefore, the individual examples are not required
in every implementation.

In an embodiment, a computer-implemented method is
performed to add or remove a connection between graph
nodes. Computing device(s) may be specially configured to
generate a network topology graph in computer memory
comprising data representations of graph nodes that represent
network elements. In one example, the graph is displayed to a
user via a touch-sensitive computer display unit. The com-
puting device(s) receive input that selects and drags graph
node(s) on the graph. In the example, the input may be touch
input provided by user(s) interacting with the graph via the
touch-sensitive display. Such input might not require any
keyboard input from the user or other input that merely sig-
nals a certain mode of operation. For example, a node may be
added or removed using touch and/or mouse gestures without
using any keyboard input, such as CTRL, SHIFT, or ALT, to
signal certain modes of operation. Touch input may comprise
complex gestures of the user. The touch-sensitive display may
be a multi-touch display that allows one node to be selected
and held while another node is also selected and capable of
communicating, to the computing device(s), data represent-
ing locations of both selections. The selected nodes may be
manipulated on the graph as a unified set of nodes. In
response to the input, the computing device(s) add or remove
a graphical representation of a connection between graph
nodes. The graphical representation may be added while the
user is manipulating graph node(s) (i.e., before the user has
completed manipulating the graph node(s)) by selecting,
dragging, holding, or modifying the graph node(s), or after
the user has completed manipulating the graph node(s).

In one embodiment, the computing device(s) receive input
that drags and holds graph node(s) within a threshold distance
of other graph node(s) for a threshold amount of time. In
response to the input, the computing device(s) add a connec-
tion between the dragged and held graph node(s) and the other
graph node(s). In one embodiment, the computing device(s)
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receive both a first input that drags and holds graph node(s)
within a threshold distance of other graph node(s) for a
threshold amount of time, and a second input that drags the
graph node(s) away from the other graph node(s). An under-
lying connection between the dragged and held graph node(s)
and the other graph node(s) and/or a graphical indication of
the connection may be created in response to the first input or
the second input. In one example, the graphical representa-
tion of the connection spans from the graph node(s) to the
other graph node(s) on the graph.

In one embodiment, the input aligns a port of a selected set
of nodes with a port of another set of nodes. For a network
element represented by a node, a “node port” is part of the
network element that can be separately treated, and the node
port may be graphically represented as part of the node. For
example, the port may be one of many physical or logical
sockets for receiving or sending information on a connection
to or from the network element. In one embodiment, selected
node(s) are spun about their center, with alignment input such
as a hold input and a flick input, causing the selected node(s)
to rotate until the port of the selected node(s) is aligned with
a port of other node(s). The spinning of the node may be
restricted to the subset of aligned or viable positions in rela-
tion to ports of another node. In another example, selected
node(s) may be automatically aligned to a compatible port of
other node(s) even without the alignment input. Ports may be
compatible with each other based on port characteristic(s)
such as the type of port, speed or reliability of the port, or
protocol(s) that the port(s) are capable of handling. In an
example, if there are multiple compatible ports between the
selected node(s) and the other node(s), then a port of the
selected node(s) and/or the other node(s) may be automati-
cally selected for connection based at least in part on a dis-
tance between the port and the node to which the port is
connecting. A port of the selected node that is closest to the
other node may have a higher weight or higher likelihood of
selection than a port of the selected node that is on the oppo-
site side of, or furthest from, the other node. In another
example, a port of the other node that is closest to the selected
node may have a higher weight or higher likelihood of selec-
tion than a port of the other node that is on the opposite side
of, or furthest from, the selected node.

Whether the ports are selected automatically by the com-
puting device(s) or manually via user interaction with the
graph to select specific ports, the computing device(s) may
add the connection between selected ports when the ports are
aligned and/or when the selected node is held within a thresh-
old distance or in contact with the other node. Alternatively,
the computing device(s) may add a connection between com-
patible ports when the input causes a connection to be added,
even if the compatible ports are not aligned by the input.

In one embodiment, the added connection is one of mul-
tiple added connections. In one example, the input drags a
selected set of node(s) over or within a threshold distance of
apreviously existing connection on the graph. The previously
existing connection may connect other sets of nodes to each
other such as, for example, a second set of non-selected nodes
and a third set of non-selected nodes. If the selected set of
node(s) is held over or within the threshold distance of the
previously existing connection for a threshold amount of
time, the previously existing connection may be broken to
insert new connection(s). For example, the previously exist-
ing connection may be removed, and a first new connection
may be created between the selected set of node(s) and the
second set of node(s), and/or a second new connection may be
created between the selected set of node(s) and the third set of
node(s). Ifthe previously existing connection was directional,
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such direction may be preserved with the new connections. In
one embodiment, the selected set of node(s) includes two or
more nodes. For example, the two or more nodes may have
been selected by multi-touch input that holds a first node (via
a touch from a first finger or stylus) while the second node is
selected (via a touch from a second finger or stylus).

In one embodiment, the input selects and shakes node(s).
Such input might not require any keyboard input from the
user or other input that merely signals a certain mode of
operation. For example, a node may be selected and shaken
using touch and/or mouse gestures without using any key-
board input, such as CTRL, SHIFT, or ALT, to signal certain
modes of operation. In response to the input, the computing
device(s) remove a connection between the selected node(s)
and other node(s) on the graph. In one example, the node(s)
are selected by multi-touch input, and the nodes are shaken
with an up-down input or side-to-side input. Such input may
be received, for example, when a user touches the node(s) and
moves his or her finger back and forth on the screen. The
shaking input may be detected when the selected node(s) are
moved back and forth rapidly, above a threshold rate.

In an embodiment, a computer-implemented method is
performed to expand or collapse a set of graph nodes. Com-
puting device(s) may be specially configured to generate a
network topology graph that includes graph nodes that rep-
resent network elements. The computing device(s) receive a
first input that selects a set of nodes. For example, the first
input may be multi-touch input that holds a first graph node
while a second graph node is selected, forming a selected set
that includes the first graph node and the second graph node.
The computing device(s) may then receive a second input
moving toward or away from a third input. For example, the
input may be associated with different display positions that
are moving away from or toward each other. Such input may
be caused by, for example, two fingers moving toward or
away from each other on a multi-touch display. Such input
might not require any keyboard input from the user or other
input that merely signals a certain mode of operation. For
example, a node may be expanded or collapsed using touch
and/or mouse gestures without using any keyboard input,
such as CTRL, SHIFT, or ALT, to signal certain modes of
operation. In response to the input, the selected set of nodes
are expanded or collapsed on the graph. Collapsing the set
may include replacing separately selectable graphical repre-
sentations for each of the nodes of the set with a single
selectable graphical representation of the nodes of the set. On
the other hand, expanding the set may include replacing a
single selectable graphical representation of the nodes of the
set with separately selectable graphical representations of
each of the nodes of the set.

In an embodiment, a computer-implemented method is
performed to copy graph node(s). Computing device(s) may
be specially configured to generate a network topology graph
that includes graph node(s) that represent network element
(s). The computing device(s) receive a first input that selects
and holds a set of node(s) while a second input flicks the set of
node(s). For example, the first input may be multi-touch input
that holds a first graph node while a second graph node is
selected, forming a selected set that includes the first graph
node and the second graph node. The second input may be, for
example, touch input that is generated when a user flicks a
finger away from the selected set of node(s). Such input might
not require any keyboard input from the user or other input
that merely signals a certain mode of operation. For example,
a node may be copied using touch and/or mouse gestures
without using any keyboard input, such as CTRL, SHIFT, or
ALT, to signal certain modes of operation. In response to the
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first and second inputs, the set of node(s) is copied on the
graph. For example, the set of node(s) may be copied from
their current location on the graph to another location away
from their current location and in the direction of the second
input.

Various computer-implemented methods are described. In
other embodiments, acomputing device may be configured to
carry out the foregoing steps, or a computer-readable medium
may stores instructions that, when executed, cause perfor-
mance of the foregoing steps. All such steps and operations
may involve the manipulation of data in computer memory to
create, update or delete data representing graph nodes, edges,
and other elements as further described herein.

Techniques may be described as utilizing a multi-touch
interface, but other interfaces are also available for accepting
similar types of input, which may include multi-part input or
single-part input. For example, a touch interface may be used
for many of the gestures described, whether or not the touch
interface recognizes multiple touches simultaneously. As
another example, a mouse or touchpad interface may be used
to receive similar gesture input. In yet another example, a
Microsoft Kinect motion-based interface may be used to
receive similar gesture input, which may be single-part input
or multi-part input that is captured from a camera and/or
infrared sensors. The motion-based interface may recognize
hand-waiving, other hand or arm movement, or even head,
leg, or body movement. Such movements may amount to
selecting, dragging, holding, flicking, shaking, pinching,
unpinching, or spinning inputs.

In addition to a variety of input methods, the interface may
also provide tactile, visual, audible or other forms of feedback
when connections are formed or broken, or when nodes are
placed with valid configurations aligned. In one example, a
user device vibrates when a gesture is triggered or completed.
In another example, a display of the user device momentarily
brightens or displays a color or graphic when a gesture is
triggered or completed. In yet another example, the user
device beeps when a gesture is triggered or completed. Feed-
back may also be provided in these forms whenever a user
completes part of a gesture but fails to complete the entire
gesture. For example, when user input holds a node over
another node for over a first threshold amount of time but
under a second threshold amount of time, negative feedback
may be provided to the user to indicate that no connection was
formed between the nodes. As another example, positive
feedback different from the negative feedback may be pro-
vided when the user input holds the node over the other node
for over the second threshold amount of time.

2.0 Structural and Functional Overview

In one embodiment, one or more computing devices
include a gesture interpretation logic for performing the tech-
niques described herein. The gesture interpretation logic
interprets gestures and triggers different actions on the graph
when different gestures are detected. The triggered actions
may include, for example, the addition or deletion of a
node(s), connection(s) between nodes, or connection(s)
between node ports; the expansion or collapse of a set of
nodes; or the copying of node(s). The gesture interpretation
logic may listen to or receive input to a node manipulation
logic. The input may have been generated by a touch-screen
interface in response to a touch from a user, by a motion-
based interface in response to a motion of a user, or by other
interfaces such as a touchpad, a mouse, a keyboard, a joystick
or direction pad, a trackball, a remote control, or a game
controller. The input may describe an action of, for example,
selecting, dragging, holding, flicking, shaking, pinching,
unpinching, or spinning a graphical object such as a node or
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a connection. The gesture interpretation logic determines
whether the input matches a stored or known gesture. If the
input matches a gesture, then the gesture interpretation logic
may perform an action mapped to the gesture instead of or in
addition to the normal action that would otherwise be caused
by each individual input.

The input may include input for selecting a subtree of
nodes on a graph. This selecting input may be performed
serially with consecutive user inputs, or in parallel with mul-
tiple user inputs overlapping in time. On a multi-touch inter-
face, for example, a user may touch multiple nodes simulta-
neously with different fingers or styluses to select a group of
the multiple nodes. Alternatively, the user may select nodes
one after another with the same finger or stylus. In another
example, the user may drag a node from the graph to a
grouping region on the graph interface, adjacent to, overlay-
ing, or on the graph. Nodes in the grouping region may then
be treated or manipulated as a group, and a group node may be
created on the graph to represent the grouping region. In yet
another example, the user may draw a circle around a group of
nodes to select the group. Once the group has been selected,
the group is manipulated or moved around on the graph by
dragging the group.

FIG. 1 illustrates a method for adding or removing a con-
nection between nodes by dragging a node on a graph. In the
method, computing device(s) are configured with specialized
hardware and/or specialized software to generate, in block
100, a graph of nodes. The computing device(s) receive, in
block 102, input that selects and drags a node.

In response, in block 104, the computing device(s) add or
remove a graphical representation of a connection between
nodes on the graph. In a first example, in response to input that
causes the node to contact or move near another node, option-
ally held for a threshold amount of time, the computing
device(s) create a connection between the node and the other
node. In a second example, in response to input that moves a
node near a connection or on a connection between two other
nodes, optionally held for a threshold amount of time, the
computing device(s) insert the node on the connection by
replacing the connection with two new connections, each of
the new connections being between the node and one of the
two other nodes. In a third example, in response to input that
shakes node(s), optionally for a threshold amount of time or at
a threshold rate, the computing device(s) tear the shaken
node(s) from other node(s) on the graph by removing the
connection between the other node(s) and the shaken node(s).
In a fourth example, in response to input that causes a node
port or a node to contact or move near another node port or
node, optionally held for a threshold amount of time, the
computing device(s) create a connection between the node
port and the other node port.

In one embodiment, a connection that is added according to
this technique may be added to and stored as a connection
object in a data store that includes other graph elements. The
connection object may identify the nodes for which the con-
nection object serves as a connection and other information
such as the type of connection and graphical information
about the connection. The connection object may even con-
tain a stored indication that the connection object was created
using a gesture. A connection that is removed according to the
technique described in FIG. 1 may be removed from a set of
connection object(s) and other graph elements that are stored
in a data store. In another embodiment, a “visible” flag for the
connection object may be toggled to “off”” when the connec-
tion is removed, without removing the connection object
from storage.
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FIG. 2 illustrates a method for expanding or collapsing a
set of nodes on a graph. In the method, computing device(s)
are configured with specialized hardware and/or specialized
software to generate, in block 200, a graph of nodes. The
computing device(s) receive, in block 202, first input that
selects a set of nodes on the graph. The set of nodes may be
graphically presented as a single group node or as a tree of
individual nodes. In block 204, the computing device(s)
receive second inputs moving toward or away from each
other. In response to second inputs that move toward each
other, the tree of individual nodes may be collapsed into a
group node in block 206. In response to second inputs that
move away from each other, the group node may be expanded
into a tree of individual nodes in block 206.

In one embodiment, a group node that is stored according
to this technique may be a virtual node that references other
stored nodes. The virtual node may be added when the group
node is displayed and removed when the group node is not
displayed. When nodes are collapsed into a group node, the
data represented by nodes in the group may be merged into
the group node in storage, or may remain stored as separate
nodes. In another embodiment, the virtual node may be
treated as a standard node that remains but is toggled as
invisible when the group node is expanded. Similarly, the
nodes in the group may be toggled as visible when the group
node is expanded. In yet another embodiment, each node
represented by a group node stores a name of a group to which
the node belongs. In this embodiment, the group node may or
may not be stored as a separate node.

FIG. 3 illustrates a method for copying a node on a graph.
In the method, computing device(s) are configured with spe-
cialized hardware and/or specialized software to generate, in
block 300, a graph of nodes. The computing device(s)
receive, in block 302, inputs select and hold a node while the
node is flickedon the graph. In one example, the node is held
in place in response to primary input, such as input from a first
finger on a multi-touch screen, and the flicking is accom-
plished using a secondary input such as a second finger on the
multi-touch screen. In response to the inputs, the node is
copied on the graph in block 304.

In one embodiment, a copied node may be stored as a new
and separate node in a data store. The copied node may later
be changed to be different from the original node, or the
copied node may remain the same as the original node. In
another embodiment, copying a node causes the original node
to be associated with multiple locations on the graph, without
creating a separate node for the copy. For example, the node
may appear at a first location defined by (50 pixels, 100
pixels) and at a second location defined by (200 pixels, 200
pixels). Other characteristics of the node might be stored once
rather than multiple times, such as the color or type of the
node.

3.0 Example Gesture-Based Interfaces

3.1 Connecting Nodes and Subtrees

In one embodiment, nodes may be connected to each other
with or without an explicit change in mode on a toolbar. In one
example, a node is treated as sticky such that touching the
node to another node, or moving the node near (within a
threshold distance of) another node even without touching,
causes a connection to be formed between the node and the
other node. The connection may be formed whenever nodes
touch or are moved within a threshold distance of each other,
even if the move is not complete. In other words, a connection
may be formed between nodes even though one of the nodes
is still being moved or otherwise actively controlled by the
user. For example, the user may be touching and dragging a
node on the graph as the node comes in contact with another
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node, and the connection may be formed between the nodes
even though the user is still touching and dragging the node on
the graph.

Alternatively, the connection between nodes may be
formed whenever one node is held for a threshold amount of
time in contact with or within a threshold distance of another
node. For example, holding a node in contact with another
node for at least half a second may cause a connection to be
formed between the nodes, but holding the nodes in contact
for less than half a second may have no effect. In another
example, the user may be touching, dragging, and holding a
node on the graph as the node comes within a threshold
distance of another node for a threshold amount of time, and
the connection may be formed between the nodes even
though the user is still touching and holding the node on the
graph. A node may be considered as being “held” by the input
if the input causes the node to remain within a region or to be
moved less than a threshold distance, even though the node
may actually have moved slightly during the hold time.

In one embodiment, subtrees or groups of nodes may be
connected to other subtrees or groups of nodes in the same
manner that nodes are connected to each other. For example,
a node subtree may be selected and moved near or in contact
with another node or subtree. The connection may be formed
immediately or after the nodes have been held near or in
contact with each other for a threshold amount of time.

In one embodiment, the graph interface includes gesture
interpretation logic for receiving user input, determining
whether the user input matches any gestures, and causing
actions that correspond to the matched gestures. In one
example, user input may be copied to the gesture interpreta-
tion logic, and the gesture interpretation logic may be config-
ured to interrupt, call, or update the node manipulation logic
only when a gesture occurs. In this example, the gesture
interpretation logic may operate independently or mostly
independently of node manipulation logic by listening to
input that is otherwise being handled by the node manipula-
tion logic. In this manner, the node manipulation logic may
operate without delay while the gesture interpretation logic
performs the gesture mapping and triggers corresponding
actions. For example, the node manipulation logic may
receive input that selects and moves a node on a graph. While
the node manipulation is fluidly moving the node on the
graph, the gesture interpretation logic may determine
whether the movements trigger any actions. If so, the gesture
manipulation logic may trigger the corresponding actions
with or without interrupting the node manipulation logic.
Alternatively, the gesture interpretation logic may be inte-
grated with the node manipulation logic such that gesture
interpretations may be made in response to the user input but
before the user input becomes effective on the graph.

In a particular example, the node manipulation logic
receives input that moves and holds a node within 3 pixels of
another node for 200 milliseconds. The gesture interpretation
logic listens for this input checks gesture mappings to deter-
mine whether a registered condition is satisfied. One regis-
tered condition may specify that a new connection is created
between nodes if the nodes are held within 5 pixels of each
other for at least 250 milliseconds, and if the nodes are not
already connected. In the example, the gesture interpretation
logic may analyze the input to determine that the nodes have
not yet been held near each other for the threshold amount of
time. In one example, if a first amount of time has passed, the
gesture interpretation logic may set an alarm to check the
condition again when the threshold amount of time is pre-
dicted to have passed. In another example, the gesture inter-
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pretation logic may check registered conditions periodically
or at specified times, with or without alarms.

If the gesture interpretation logic checks the condition
again after the nodes have been held near each other for 250
milliseconds or 300 milliseconds, for example, then the ges-
ture interpretation logic may find that the condition has been
satisfied. In response to detecting that a condition has been
satisfied, the gesture interpretation logic may cause an action
associated with the condition. For example, the condition
may be stored in a rule file, a rule table, or a rule class that
associates the condition with a triggered action. In response to
determining that the condition is satisfied, a corresponding
action is triggered by against the graph. For example, the
corresponding action may include creating a connection
between the nodes that satisfied the condition.

FIGS. 5A-5E illustrate an example interface for connecting
a node to other nodes by dragging and holding the node in
contact with the other nodes. In the example, node 501 is
dragged from location 501a to 5015, where node 501 touches
node 502. If node 501 is held near or in contact with node 502
for a timeout t, then a connection 504 is formed between node
501 and 502. Connection 504 is visible as node 501 is dragged
away from node 502. The process may be repeated to connect
node 501 to node 503 with connection 505. The repetition of
this process can be contiguous, without having to deselect and
reselect the node 501.

FIGS. 6A-6H illustrate an example interface for connect-
ing a subtree of nodes to other nodes by dragging and holding
the subtree in contact with the other nodes. In the example,
node tree 604-606 is selected by tapping on node 604 and
holding node 604 as nodes 605 and 606 are selected using
another finger. Node tree 604-606 is dragged to a location
where node tree 604-606 touches node 602. If node tree
604-606 is held near or in contact with node 602 for a timeout
t, then a connection 607 is formed between node 602 and node
tree 604-606. In the example, the connection is formed
between node 602 and 606, which is the node from node tree
604-606 that is closest to node 602. In other examples, the
connection may be formed between node 602 and other nodes
of node tree 604-606, or to node tree 604-606 as a whole.
Connection 607 is visible as node tree 604-606 is dragged
away from node 602. The process, optionally without repeat-
ing the sub-process of forming the initial selection, may be
repeated to connect node tree 604-606 to nodes 601 and 603
with connections 608 and 609.

3.2 Inserting Nodes and Subtrees

In one embodiment, node(s) may be inserted on a connec-
tion between other nodes with or without an explicit change in
mode on a toolbar. In one example, input that moves a node
near a connection or on a connection between two other nodes
causes the node to be inserted on the connection. In other
words, a first connection between a first node and a second
node is replaced with both a second connection between the
inserted node and the first node, and a third connection
between the inserted node and the second node. Another way
of describing this same action is that the first connection is
split into both the second connection and the third connection.
Yet another way of describing this same action is that the first
connection is connected to the inserted node instead of the
second node, and a new connection is formed between the
inserted node and the second node. From the user’s perspec-
tive, these actions are all equivalent to inserting the node into
the connection. The node may be inserted into the connection
immediately whenever the node is moved on or near the
connection, or after the node is held on or near the connection
for a threshold amount of time.
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In one embodiment, computing device(s) are configured
with a gesture interpretation logic that receives or monitors
input to a node manipulation logic. The gesture interpretation
logic determines whether the input moves a node near a
connection or on a connection between two other nodes. The
gesture interpretation logic may also determine whether the
node has been moved near or on the connection for at least a
threshold amount of time. In response to determining that the
node has been moved near or on the connection, optionally for
at least the threshold amount of time, the gesture interpreta-
tion logic triggers the action of inserting the node on the
connection by creating new connections on the graph
between the node and other graph nodes that were previously
connected to each other by the connection.

FIGS. 7A-7E illustrate an example interface for inserting a
node on a connection between other nodes by dragging and
holding the node over the connection. In the example, node
701 is dragged from location 701a to 7015, over connection
705, which connects node 702 to node 703. If node 701 is held
over or near connection 705 for a timeout t, then new connec-
tion 705q is formed between node 702 and 701 and new
connection 7055 is formed between node 703 and 701. If
node 701 is dragged away from location 7015, new connec-
tions 705a and 7055 are visibly distinguished from former
connection 705 because new connections 7054 and 7055
remain connected to node 701 and no longer form a direct
connection between node 702 and node 703.

FIGS. 8A-G illustrate an example interface for inserting a
subtree of nodes on a connection between other nodes by
dragging and holding the subtree over the connection. In the
example, node tree 803-806 is selected by tapping on node
804 and holding node 804 as nodes 805, 806, and 803 are
selected using another finger. Node tree 803-806 is dragged to
alocation where node tree 803-806 is over or near connection
807, which connects node 801 to node 802. If node tree
803-806 is held over or near connection 807 for a timeout t,
then new connection 8074 is formed between node 801 and
803 and new connection 8075 is formed between node 806
and 802. In the example, the connection is formed between
nodes 801 and 803, which is the node from node tree 803-806
that is closest to node 801, and between 802 and 806, which
is the node from node tree 803-806 that is closest to node 802.
In other examples, the connection may be formed between
node 801 and other nodes of node tree 803-806, or to node tree
803-806 as a whole. Similarly, the connection may be formed
between node 802 and other nodes of node tree 803-806, or to
node tree 803-806 as a whole. The selection of which node to
form a connection from may be based on direct proximity to
other nodes in the interface, or by parsing through the subtree
in some logical fashion until a node is selected. If node tree
803-806 is dragged away, new connections 807« and 8075
remain connected to node tree 803-806 and no longer form a
direct connection between node 801 and node 802.

3.3 Tearing Nodes and Subtrees

In one embodiment, node(s) may be torn from a connection
between other nodes with or without an explicit change in
mode on a toolbar. In one example, input that shakes node(s)
causes the node(s) to be torn from the connection.
For example, shaking node(s) may trigger removal of con-
nection(s) between the shaken node(s) and other node(s) on
the graph. In another example, shaking node(s) may cause
nodes on either side of the shaken node(s) to be connected to
each other rather than being connected to the shaken node(s).
In one embodiment, up-down input shakes the node(s) verti-
cally. In another embodiment, side-to-side input shakes the
node(s) laterally. Such input may be received, for example,
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when a user moves his or her finger back and forth on the
screen once node(s) have been selected.

In one embodiment, a gesture interpretation logic receives
or listens for input and detects shaking input when selected
node(s) are moved back and forth rapidly, optionally above a
threshold rate, above a threshold number of times, and/or
within a threshold window of time. For example, the selected
node(s) may be moved back and forth with an average veloc-
ity of 100 pixels per second, at least three times back and forth
within a window of'half a second. Other threshold values may
also be used. Inresponse to detecting that the input is shaking
input, the gesture interpretation logic triggers an action of
removing connection(s) between the selected node(s) and
other node(s) on the graph.

FIGS. 9A-9D illustrate an example interface for tearing a
node from a connection with other nodes by shaking the node.
In the example, node 905, which is initially connected to
nodes 902 and 904 with connections 907 and 908, respec-
tively, is selected and shaken back and forth. If node 905 is
shaken above a threshold rate or for longer than a threshold
amount of time, node 905 is removed from node tree 901-904
and 906 by disconnecting the node from nodes 902 and 904.
In the example, connections 907 and 908 are replaced with
connection 909, which connects node 902 directly to node
904. In other words, the connections that were disconnected
may be combined so as to not create a gap in the node tree
901-904 and 906 where node 905 previously existed.

FIGS. 10A-10D illustrate an example interface for tearing
a subtree of nodes from a connection with other nodes by
shaking the subtree. In the example, node tree 1002-1005 is
selected by tapping on node 1003 and holding node 1003 as
nodes 1004, 1005, and 1002 are selected using another finger.
Node tree 1002-1005, which is initially connected to nodes
1001 and 1006 with connections 1007 and 1008, is shaken
back and forth. If node tree 1002-1005 is shaken above a
threshold rate or for longer than a threshold amount of time,
node tree 1002-1005 is removed from node tree 1001 and
1006 by disconnecting the node tree 1002-1005 from nodes
1001 and 1006. In the example, connections 1007 and 1008
are replaced with connection 1009, which connects node
1001 directly to node 1006. In other words, the connections
that were disconnected may be combined so as to not create a
gap in the node tree 1001 and 1006 where node tree 1002-
1006 previously existed.

3.4 Expanding Group Nodes and Collapsing Subtrees

In one embodiment, a set of nodes may be collapsed or
expanded with or without an explicit change in mode on a
toolbar. In one example, input that pinches or unpinches the
set of nodes causes the set of nodes to be collapsed or
expanded. Pinching input may be described as input that
embodies an increasing distance between separate input
points, and unpinching input may be described as input that
reflects a decreasing distance between separate input points.
In one example, the input points are locations of different
fingers or styluses that are interacting with a touch screen.
Pinching input and unpinching input may also be achieved by
zooming in and out on a mouse, a remote control, or any other
input device.

In one embodiment, a gesture interpretation logic receives
or listens for input and detects pinching or unpinching input
when input points increase or decrease above or near a
selected group node or a selected set of nodes, or when a
zoom-in or zoom-out input is received after either the group
node or the set of nodes has been selected. The gesture inter-
pretation logic may also determine whether the input points
increase or decrease above a threshold amount, optionally
within a window of time. In response to detecting pinching or
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unpinching input, the gesture interpretation logic triggers an
action of expanding a group node to form a set of nodes or
collapsing a set of nodes into a group node. The pinching/
unpinching gesture may use two or more input points,
depending on other gestures already supported on the inter-
face. For example, two-point pinch/unpinch input may be
mapped to zoom in/out functionality on the graph. In this
example, the existing mapping may be overridden, or a new
mapping may be created to map three-point pinch/unpinch
input to expanding/collapsing functionality on the graph.

FIGS. 11A-11E illustrate an example interface for folding
or collapsing a subtree of nodes into a group node by pinching
nodes of the subtree together. In the example, node tree 1102-
1105 is selected by tapping on node 1003 and holding node
1103 as nodes 1104, 1105, and 1102 are selected using
another finger. Node tree 1102-1105, which is connected to
nodes 1101 and 1106, is folded or collapsed into a group node
1108 that remains connected to nodes 1101 and 1106. Once
node tree 1102-1105 has been selected, node tree 1102-1105
is collapsed into group node 1108 when any two nodes of
node tree 1102-1105, or any location above or near node tree
1102-1105, is pinched together.

FIGS.12A-12D illustrate an example interface for expand-
ing a group node into a subtree of nodes by unpinching over
the group node. In the example, group node 1202, which is
connected to nodes 1201 and 1203, is selected and expanded
into node tree 1204-1207 that remains connected to nodes
1201 and 1203. Group node 1202 is expanded into node tree
1204-1207 when group node 1202, or any location above or
near group node 1202, is unpinched apart.

3.5 Connecting Node Ports

In one embodiment, node ports may be connected to each
other with or without an explicit change in mode on a toolbar.
In one example, a node port is treated as sticky such that
touching the node port to another node port, moving the node
port near (within a threshold distance of) another node port
even without touching, or moving a node containing the node
port near or in contact with another node containing the other
node port, causes a connection to be formed between the node
port and the other node port. The connection may be formed
whenever node ports touch or are moved within a threshold
distance of each other, or if the nodes containing the node
ports are moved within a threshold distance of each other,
even if the move is not complete.

Alternatively, the connection between nodes may be
formed whenever one node port is held for a threshold amount
of time in contact with or within a threshold distance of
another node port, or whenever a node containing the node
port is held for a threshold amount of time in contact with or
within a threshold distance of another node containing the
other node port.

In one embodiment, gesture interpretation logic receives or
listens for input and detects port alignment input when the
input aligns a port of a selected set of nodes with a port of
another set of nodes. For example, selected node(s) may be
spun with alignment input such as a hold input and a flick
input, causing the selected node(s) to rotate until the port of
the selected node(s) is aligned with a port of other node(s).

In another example, the gesture interpretation logic may
automatically align selected node(s) to a compatible port of
other node(s) even without the alignment input, in response to
determining that the nodes or ports of the nodes are in contact
or within a threshold distance of each other, and in response to
determining that the nodes include at least one compatible
port with each other. Ports may be compatible with each other
based on port characteristic(s) such as the type of port, speed
or reliability of the port, or protocol(s) that the port(s) are
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capable of handling. In an example, if there are multiple
compatible ports between the selected node(s) and the other
node(s), then a port of the selected node(s) and/or the other
node(s) may be automatically selected for connection based
at least in part on a distance between the port and the node to
which the port is connecting. A port of the selected node that
is closest to the other node may have a higher weight or higher
likelihood of selection than a port of the selected node that is
on the opposite side of, or furthest from, the other node. In
another example, a port of the other node that is closest to the
selected node may have a higher weight or higher likelihood
of'selection than a port of the other node that is on the opposite
side of, or furthest from, the selected node.

Whether the ports are selected automatically by the gesture
interpretation logic or manually via user interaction with the
graph to select specific ports, the gesture interpretation logic
may add the connection between selected ports when the
ports are aligned and/or when the selected node is held within
a threshold distance or in contact with the other node. Alter-
natively, the gesture interpretation logic may add a connec-
tion between compatible ports when the input causes a con-
nection to be added, even if the compatible ports are not
aligned by the input. The node ports maybe permanently
shown on the interface, or hidden and shown based on thresh-
old distance methods described above, or hidden and shown
based on other user configurable preferences.

FIGS. 13A-13K illustrate an example interface for con-
necting a port of a node to ports of other nodes by dragging
and holding the node near the other nodes. In the example,
node 1301 is dragged within a threshold distance, d1, of node
1303. When node 1301 enters within the threshold distance,
node ports 1301a-c and 13035-d are displayed such that dif-
ferent options for connecting node 1301 to node 1303 are
visible. In the example, node 1303 or node 1301 may be
rotated such that compatible node ports, 1301c and 1303¢, are
closest to each other. As nodes 1301 and 1303 touch or
become within another threshold distance, node port 1301¢ is
connected to node port 1303¢. The connection becomes vis-
ible as node 1301 is dragged away from node 1303. The
process may be repeated to connect node port 1301a of node
1301 to node port 1302a of node 1302.

3.6 Copying Nodes

In one embodiment, node(s) may be copied with or without
anexplicit change in mode on a toolbar. In one example, input
that flicks off of selected node(s) causes the selected node(s)
to be copied, optionally in the direction of the flick. Flicking
input may be described as input that starts at or near the
selected node and moves away from the selected node before
the input stops or fades. For example, the input may stop or
fade as a finger lifts off of a touch screen display. In one
embodiment, the flick may be caused by a single hand, witha
first finger holding the selected node while a second finger,
such as a thumb, flicks off of the selected node.

In one embodiment, gesture interpretation logic receives or
listens for input and detects flicking input when the input
starts at or near the selected node and moves away from the
selected node before the input stops or fades. If the flick input
occurs at or near selected node(s), the gesture interpretation
logic may, in response to the flick input, copy the selected
node(s) to a location on the graph near where the flick input
stops or fades, to a side of the selected node(s) on the graph in
the direction of the flick input, or to another location on the
graph at or near the selected node(s). Multiple copies may be
made as a selected node is dragged around the graph, drop-
ping copies by flicking the copies off at various locations.

FIGS. 14A-G illustrate an example interface for copying a
node by flicking off copies of the node as the node is dragged.
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In the example, node 1401a is selected by tapping on node
1401a with a first finger. Node 1401a is then copied by
flicking off a copy node 14015 with a second finger such as a
thumb. In the example, Node 1401« is then dragged across the
screen to various locations, dropping off copies 1401c,
14014, and 1401e. The copies may be made in the different
locations without deselecting node 1401a and without lifting
the first finger.

4.0 Implementation Mechanisms—Hardware Overview

FIG. 4is ablock diagram that illustrates a computer system
400 upon which an embodiment of the invention may be
implemented. Computer system 400 includes a bus 402 or
other communication mechanism for communicating infor-
mation, and a processor 404 coupled with bus 402 for pro-
cessing information. Computer system 400 also includes a
main memory 406, such as a random access memory (RAM)
or other dynamic storage device, coupled to bus 402 for
storing information and instructions to be executed by pro-
cessor 404. Main memory 406 also may be used for storing
temporary variables or other intermediate information during
execution of instructions to be executed by processor 404.
Computer system 400 further includes a read only memory
(ROM) 408 or other static storage device coupled to bus 402
for storing static information and instructions for processor
404. A storage device 410, such as a magnetic disk or optical
disk, is provided and coupled to bus 402 for storing informa-
tion and instructions.

Computer system 400 may be coupled via bus 402 to a
display 412, such as a cathode ray tube (CRT), for displaying
information to a computer user. An input device 414, includ-
ing alphanumeric and other keys, is coupled to bus 402 for
communicating information and command selections to pro-
cessor 404. Another type of user input device is cursor control
416, such as a mouse, a trackball, or cursor direction keys for
communicating direction information and command selec-
tions to processor 404 and for controlling cursor movement
ondisplay 412. This input device typically has two degrees of
freedom in two axes, a first axis (e.g., X) and a second axis
(e.g.,y), that allows the device to specify positions in a plane.

The invention is related to the use of computer system 400
for implementing the techniques described herein. According
to one embodiment of the invention, those techniques are
performed by computer system 400 in response to processor
404 executing one or more sequences of one or more instruc-
tions contained in main memory 406. Such instructions may
be read into main memory 406 from another machine-read-
able medium, such as storage device 410. Execution of the
sequences of instructions contained in main memory 406
causes processor 404 to perform the process steps described
herein. In alternative embodiments, hard-wired circuitry may
be used in place of or in combination with software instruc-
tions to implement the invention. Thus, embodiments of the
invention are not limited to any specific combination of hard-
ware circuitry and software.

The term “machine-readable medium” as used herein
refers to any medium that participates in providing data that
causes a machine to operation in a specific fashion. In an
embodiment implemented using computer system 400, vari-
ous machine-readable media are involved, for example, in
providing instructions to processor 404 for execution. Such a
medium may take many forms, including but not limited to
storage media and transmission media. Storage media
includes both non-volatile media and volatile media. Non-
volatile media includes, for example, optical or magnetic
disks, such as storage device 410. Volatile media includes
dynamic memory, such as main memory 406. Transmission
media includes coaxial cables, copper wire and fiber optics,
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including the wires that comprise bus 402. Transmission
media can also take the form of acoustic or light waves, such
as those generated during radio-wave and infra-red data com-
munications. All such media must be tangible to enable the
instructions carried by the media to be detected by a physical
mechanism that reads the instructions into a machine.

Common forms of machine-readable media include, for
example, a floppy disk, a flexible disk, hard disk, magnetic
tape, or any other magnetic medium, a CD-ROM, any other
optical medium, punch cards, paper tape, any other physical
medium with patterns of holes, a RAM, a PROM, and
EPROM, a FLASH-EPROM, any other memory chip or car-
tridge, a carrier wave as described hereinafter, or any other
medium from which a computer can read.

Various forms of machine-readable media may be involved
in carrying one or more sequences of one or more instructions
to processor 404 for execution. For example, the instructions
may initially be carried on a magnetic disk of a remote com-
puter. The remote computer can load the instructions into its
dynamic memory and send the instructions over a telephone
line using a modem. A modem local to computer system 400
can receive the data on the telephone line and use an infra-red
transmitter to convert the data to an infra-red signal. An
infra-red detector can receive the data carried in the infra-red
signal and appropriate circuitry can place the data on bus 402.
Bus 402 carries the data to main memory 406, from which
processor 404 retrieves and executes the instructions. The
instructions received by main memory 406 may optionally be
stored on storage device 410 either before or after execution
by processor 404.

Computer system 400 also includes a communication
interface 418 coupled to bus 402. Communication interface
418 provides a two-way data communication coupling to a
network link 420 that is connected to a local network 422. For
example, communication interface 418 may be an integrated
services digital network (ISDN) card or a modem to provide
a data communication connection to a corresponding type of
telephone line. As another example, communication interface
418 may be a local area network (LAN) card to provide a data
communication connection to a compatible LAN. Wireless
links may also be implemented. In any such implementation,
communication interface 418 sends and receives electrical,
electromagnetic or optical signals that carry digital data
streams representing various types of information.

Network link 420 typically provides data communication
through one or more networks to other data devices. For
example, network link 420 may provide a connection through
local network 422 to a host computer 424 or to data equip-
ment operated by an Internet Service Provider (ISP) 426. ISP
426 in turn provides data communication services through the
world wide packet data communication network now com-
monly referred to as the “Internet” 428. Local network 422
and Internet 428 both use electrical, electromagnetic or opti-
cal signals that carry digital data streams. The signals through
the various networks and the signals on network link 420 and
through communication interface 418, which carry the digital
data to and from computer system 400, are exemplary forms
of carrier waves transporting the information.

Computer system 400 can send messages and receive data,
including program code, through the network(s), network
link 420 and communication interface 418. In the Internet
example, a server 430 might transmit a requested code for an
application program through Internet 428, ISP 426, local
network 422 and communication interface 418.

The received code may be executed by processor 404 as it
is received, and/or stored in storage device 410, or other
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non-volatile storage for later execution. In this manner, com-
puter system 400 may obtain application code in the form of
a carrier wave.

5.0 Extensions and Alternatives

As used herein, the terms “first,” “second,” and “third” are
used as naming conventions to distinguish different items
from each other. For example, a discussion of “an item” and
“another item” could be confusing if the items are referenced
as “the item” and “the other item.” This type of discussion is
clearer if the items are named. The items could be named item
A anditem B, item X and item Y, or item 1 and item 2. As used
herein, the chosen naming convention is “first item” and
“second item.” The naming convention itself is not intended
to impart any characteristics or limitations to the named
items.

In the foregoing specification, embodiments of the inven-
tion have been described with reference to numerous specific
details that may vary from implementation to implementa-
tion. Thus, the sole and exclusive indicator of what is the
invention, and is intended by the applicants to be the inven-
tion, is the set of claims that issue from this application, in the
specific form in which such claims issue, including any sub-
sequent correction. Any definitions expressly set forth herein
for terms contained in such claims shall govern the meaning
of such terms as used in the claims. Hence, no limitation,
element, property, feature, advantage or attribute that is not
expressly recited in a claim should limit the scope of such
claim in any way. The specification and drawings are, accord-
ingly, to be regarded in an illustrative rather than a restrictive
sense.

What is claimed is:

1. A method comprising:

generating a network topology graph comprising a first set

of one or more graph nodes and a second set of one or
more graph nodes, wherein the graph nodes represent
network elements;

receiving, at a touch-sensitive display, touch input that

selects and drags the first set on the network topology
graph;

wherein the touch input drags the first set within a threshold

distance of the second set or a particular connection to
the second set and holds the first set within the threshold
distance for a threshold amount of time;

in response to the touch input, adding or removing a

graphical representation of a connection between the
first set and the second set on the network topology
graph;

wherein the first set remains selected for dragging by the

touch input to enable another action;

maintaining the added or removed graphical representation

of'the connection between the first set and the second set
on the network topology graph, while the touch input
continues to drag the first set away from the second set to
a third set or a distinct connection to the third set and
holds the first set within the threshold distance for the
threshold amount of time;

in response to the continued touch input, adding or remov-

ing a second graphical representation of a second con-
nection between the first set and third set on the network
topology graph while maintaining the added or removed
graphical representation of the connection between the
first set and the second set;

wherein the method is performed by one or more comput-

ing devices.

2. The method of claim 1, wherein the touch input drags the
first set within the threshold distance of the second set and
holds the first set within the threshold distance for the thresh-
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old amount of time, the method further comprising, in
response to the touch input, adding the connection between
the first set and the second set, wherein the graphical repre-
sentation of the connection comprises a graphical indication
that the connection was added.

3. The method of claim 2, wherein the first set comprises a
first graph node and a second graph node; wherein the touch
input includes multi-touch input that holds the first graph
node while the second graph node is selected by only tapping
the second graph node.

4. The method of claim 2,

wherein the touch input dragging the first set within a

particular threshold distance of the second set causes a
first port of a first plurality of ports of the first set and a
second port of a second plurality of ports of the second
set to become visible;

wherein the touch input aligns the first port with the second

port, and

wherein the added connection is between the first port and

the second port.

5. The method of claim 4, wherein the touch input that
aligns the first port with the second port comprises multi-
touch input that spins the first set.

6. The method of claim 2, wherein the connection is added
between a first port of a first plurality of ports of the first set
and a second port of a second plurality of ports of the second
set, further comprising:

selecting the second port based at least in part on a distance

between the second port and the first set; and

selecting the first port based on a characteristic of the

second port.

7. The method of claim 2, further comprising, in response
to holding the first set within the threshold distance and for the
threshold amount of time, providing another graphical indi-
cation as positive feedback that the connection was added
other than the graphical representation of the connection.

8. The method of claim 1, wherein the touch input com-
prises a first move that drags the first set within the threshold
distance of the second set and holds the first set within the
threshold distance for the threshold amount of time, and
wherein the touch input comprises a second move that drags
the first set away from the second set, the method comprising,
in response to the first move, adding the connection between
the first set and the second set, and, in response to the second
move, adding the graphical representation of the connection
to the network topology graph, wherein the graphical repre-
sentation of the connection spans from the first set to the
second set on the network topology graph.

9. The method of claim 1, wherein the connection is a first
new connection, wherein the touch input drags the first set
over the particular connection to the second set comprising a
previous connection between the second set and a third set of
one or more graph nodes and holds the first set over the
previous connection for the threshold amount of time, and, in
response, inserting the first set between the second set and the
third set on the network topology graph by replacing the
previous connection with both the first new connection
between the first set and the second set and a second new
connection between the third set and the first set.

10. The method of claim 9, wherein the first set comprises
afirst graph node and a second graph node; wherein the touch
input includes multi-touch input that holds the first graph
node while the second graph node is selected.

11. The method of claim 1, wherein the threshold amount
of time comprises at least half a second.
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12. A method comprising:

generating a network topology graph comprising a set of
two or more graph nodes, wherein graph nodes in the set
represent network elements;

receiving, at a touch-sensitive display, a first touch input

selecting the set;

receiving a multi-touch input comprising a second touch

input moving toward or away from a third touch input;
in response to the multi-touch input, expanding or collaps-
ing the set on the network topology graph;

wherein collapsing the set comprises replacing separately

selectable graphical representations of the two or more
graph nodes with a single selectable graphical represen-
tation of the two or more graph nodes, and wherein
expanding the set comprises replacing the single select-
able graphical representation of the set with the sepa-
rately selectable graphical representations of each of the
two or more graph nodes;

wherein the network topology graph further comprises at

least one node external to the set;

wherein expanding the set enables adding or removing a

graphical representation of a connection between the at
least one graph node external to the set and at least one
of'the separately selectable graphical representations of
the two or more graph nodes;

wherein the method is performed by one or more comput-

ing devices.

13. The method of claim 11, wherein the set comprises a
first graph node and a second graph node, and wherein the
touch input selecting the set includes multi-touch input that
holds the first graph node while the second graph node is
selected.

14. A method comprising:

generating a network topology graph comprising a set of

one or more graph nodes, wherein graph nodes in the set
represent network elements;

receiving, at a touch-sensitive display, multi-touch input

comprising a first touch input and a second touch input;
wherein the first touch input selects and drags the set while
the second touch input flicks the set;

in response to the multi-touch input, copying the set on the

network topology graph;

receiving at the touch-sensitive display, a third touch input

that flicks the set, while the first touch input continues to
drag the set;

in response to the first touch input in combination with the

third touch input, copying the set on the network topol-
ogy graph to a different location;

wherein the method is performed by one or more comput-

ing devices.

15. One or more non-transitory computer-readable storage
media storing instructions, the instructions which, when
executed by one or more processors, cause performance of:

generating a network topology graph comprising a first set

of one or more graph nodes and a second set of one or
more graph nodes, wherein the graph nodes represent
network elements;

receiving, at a computing device having a touch-sensitive

display, touch input that selects and drags the first set on
the network topology graph; wherein the touch input
drags the first set within a threshold distance of the
second set or a particular connection to the second set
and holds the first set within the threshold distance for a
non-instantaneous threshold amount of time;
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in response to the touch input, adding or removing a
graphical representation of a connection between the
first set and the second set on the network topology
graph

wherein the first set remains selected for dragging by the
touch input to enable another action;

maintaining the added or removed graphical representation
of the connection between the first set and the second set
on the network topology graph, while the touch input
continues to drag the first set away from the second set to
a third set or a distinct connection to the third set and
holds the first set within the threshold distance for the
threshold amount of time;

in response to the continued touch input, adding or remov-
ing a second graphical representation of a second con-
nection between the first set and third set on the network
topology graph while maintaining the added or removed
graphical representation of the connection between the
first set and the second set.

16. The one or more non-transitory computer-readable
storage media of claim 15, wherein the touch input drags the
first set within the threshold distance of the second set and
holds the first set within the threshold distance for the thresh-
old amount of time, wherein the instructions, when executed,
further cause, in response to the touch input, adding the con-
nection between the first set and the second set, wherein the
graphical representation of the connection comprises a
graphical indication that the connection was added.

17. The one or more non-transitory computer-readable
storage media of claim 16, wherein the first set comprises a
first graph node and a second graph node; wherein the touch
input includes multi-touch input that holds the first graph
node while the second graph node is selected by only tapping
the second graph node.

18. The one or more non-transitory computer-readable
storage media of claim 16,

wherein the touch input dragging the first set within a
particular threshold distance of the second set causes a
first port of a first plurality of ports of the first set and a
second port of a second plurality of ports of the second
set to become visible;

wherein the touch input aligns the first port, and

wherein the added connection is between the first port and
the second port.

19. The one or more non-transitory computer-readable
storage media of claim 18, wherein the touch input that aligns
the first port with the second port comprises multi-touch input
that spins the first set.

20. The one or more non-transitory computer-readable
storage media of claim 16, wherein the connection is added
between a first port of a first plurality of ports of the first set
and a second port of a second plurality of ports of the second
set, wherein the instructions, when executed, further cause:

selecting the second port based at least in part on a distance
between the second port and the first set; and

selecting the first port based on a characteristic of the
second port.

21. The one or more non-transitory computer-readable
storage media of claim 15, wherein the touch input comprises
a first move that drags the first set within the threshold dis-
tance of the second set and holds the first set within the
threshold distance for the threshold amount of time, and
wherein the touch input comprises a second move that drags
the first set away from the second set, wherein the instruc-
tions, when executed, further cause, in response to the first
move, adding the connection between the first set and the
second set, and, in response to the second move, adding the
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graphical representation of the connection to the network
topology graph, wherein the graphical representation of the
connection spans from the first set to the second set on the
network topology graph.

22. The one or more non-transitory computer-readable
storage media of claim 15, wherein the connection is a first
new connection, wherein the touch input drags the first set
over the particular connection to the second set comprising a
previous connection between the second set and a third set of
one or more graph nodes and holds the first set over the
previous connection for the threshold amount of time,
wherein the instructions, when executed, further cause, in
response, inserting the first set between the second set and the
third set on the network topology graph by replacing the
previous connection with both the first new connection
between the first set and the second set and a second new
connection between the third set and the first set.

23. The one or more non-transitory computer-readable
storage media of claim 22, wherein the first set comprises a
first graph node and a second graph node; wherein the touch
input includes multi-touch input that holds the first graph
node while the second graph node is selected.

24. One or more non-transitory computer-readable storage
media storing instructions, the instructions which, when
executed by one or more processors, cause performance of:

generating a network topology graph comprising a set of

two or more graph nodes, wherein graph nodes in the set
represent network elements;

receiving, at a computing device having a touch-sensitive

display, a first touch input selecting the set;

receiving a multi-touch input comprising a second touch

input moving toward or away from a third touch input;
in response to the multi-touch input, expanding or collaps-
ing the set on the network topology graph;

wherein collapsing the set comprises replacing separately

selectable graphical representations of the two or more
graph nodes with a single selectable graphical represen-
tation of the two or more graph nodes, and wherein
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expanding the set comprises replacing the single select-
able graphical representation of the set with the sepa-
rately selectable graphical representations of each of the
two or more graph nodes;

wherein the network topology graph further comprises at

least one node external to the set;

wherein expanding the set enables adding or removing a

graphical representation of a connection between the at
least one graph node external to the set and at least one
of the separately selectable graphical representations of
the two or more graph nodes.

25. The one or more non-transitory computer-readable
storage media of claim 24, wherein the set comprises a first
graph node and a second graph node, and wherein the touch
input selecting the first set includes multi-touch input that
holds the first graph node while the second graph node is
selected.

26. One or more non-transitory computer-readable storage
media storing instructions, the instructions which, when
executed by one or more processors, cause performance of:

generating a network topology graph comprising a set of

one or more graph nodes, wherein graph nodes in the set
represent network elements;

receiving, at a computing device having a touch-sensitive

display, multi-touch input comprising a first touch input
and a second touch input;

wherein the first touch input selects and drags the set while

the second touch input flicks the set;

in response to the multi-touch input, copying the set on the

network topology graph;

receiving at the touch-sensitive display, a third touch input

that flicks the set, while the first touch input continues to
drag the set;

in response to the first touch input in combination with the

third touch input, copying the set on the network topol-
ogy graph to a different location.
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